From time to time the attention of the Division of Industrial Hygiene has been drawn, through compensation claims, to incapacitating fibrosis in. talc workers. Since silicate dusts, of which talc is one, have been considered relatively innocuous in the opinion of most authorities (the single exception being asbestos), the occurrence of these cases has naturally raised several questions-the obvious question as to whether this incapacity has resulted from talc exposure alone, and the second and more interesting question as to whether industrial hygienists, with few exceptions, have erred in considering asbestos to be the only injurious silicate dust.
Soapstone is a closely related substance, being essentially an impure talc, and when pulverized it may be used for the same purposes. Tremolite, which is a calcium magnesium silicate, changes over to talc. It may be mined with it and subsequently ground and sold as talc.
Geographical distribution The United States produces about 65 per cent of the world's supply of talc, the leading states in its production being Vermont, New York, California, North Carolina, and Georgia.
Industrial uses of talc According to the Minerals Year Book (1938) of the United States Bureau of Mines, the use of talc and soapstone is steadily increasing. Ladoot3 states that at least 60 different uses for talc have been noted, though most of them are of minor importance. Its value depends chiefly on its usefulness as a filler, inert extender, dusting powder, and absorbent. In 1921, according to Ladoo, the marketed, ground talc production in this country was industrially distributed as follows: paper, 38 per cent; paint, 23 per cent; prepared roofing, 18 per cent; rubber, 9.5 per cent; textiles, 4 per cent; toilet powder, 2.5 per cent; other uses, 5 per cent.
The other uses for which ground talc is adapted are: as a filler in soap; in foundry facings; in wire-insulating compounds; in dry lubricants; as a filler in cotton textiles; in the dressing and manufacture of leather; as a cleaning and polishing agent for rice, peas, coffee beans, peanuts, etc.; in making colored crayons; as a filler in the windowshade cloth; as a dusting agent in making candy, chewing gum, etc.; and as an ingredient of concrete, plastics, and insecticides.
Since 1921 there has been a marked increase in its use in the ceramic industry. Fourteen thousand more tons of talc and related materials were sold in 1937 than in 1936 and about 10,000 tons of this increased amount went to the ceramic industry where talc is chiefly used as a constituent of glazed wall tile.
Review of literature on the effects of talc dust Experimental studies. During the last ten years a certain amount of experimental work with talc dust has been reported, but on reviewing this literature most of the inhalation experiments are found to have been of insufficient duration to be helpful in regard to the probable effect of long-continued industrial exposure.
In 1931, Haynes"0 included talc in a series of dusts studied for their reactions on guinea-pigs. Twelve pigs were dusted two hours daily, except Sunday, for a fortnight. The author saw no sign of pulmonary damage, but found that bronchial and lymphatic removal occurred unusually briskly. He concludes that the substances dissolved from talc are of a low degree of toxicity, but are sufficiently obnoxious to neighboring tissues to cause the removal of cells containing them. Stuber, 22 in 1934, studying the cellular response of lymph nodes to various dust suspensions introduced into the lymphatics, found that talc caused no apparent cellular proliferation within the lymph nodes after five days. After 108 days the nodes were still normal and showed no increase in connective tissue. Fossel, 6 in 1935, reported experiments in which guinea-pigs were exposed to the inhalation of talc for one hour daily over a period of eiglit weeks. No significant tissue changes were seen.
Bethune,2 in 1935, was able to produce pleural adhesions in cats and dogs by blowing commercial talc into the pleural cavity. Miller Case L. Aged sixty-three. The claimant had worked for 12 years operating a talcum powder mixing machine not provided with exhaust ventilation for dust control. The tak used was found by the Division of Industrial Hygiene to contain less than 0.5 per cent of free silica. The dust concentrations at this work ranged from 13.9 to 34.8 million partides per cubic foot.
For three or four years before quitting the job, the claimant had complained of cough with expectoration. Examination of the lungs showed moist rales at the bases. The vital capacity was 2,500 (normal estimated as 4,000).
Roentgen examination of the lungs showed an increase of bronchial markings in the lower and middle fields with areas of increased density resembling lipiodol or calcific deposits in both mid-lung fields.
In hospital a diagnosis was made of emphysema and chronic bronchitis with acute exacerbation.
Case II. Aged forty-four. For 22 years the claimant had worked as a "bed laster" in a shoe factory. White shoes were manufactured during about five months of the year and at these times he used talc freely, dusting it on the shoes to prevent soiling of the white leather. The powder used was analyzed by the Division of Industrial Hygiene and found to contain no free silica.
For seven years before quitting work he complained of cough, dyspnea, and increasing weakness. His condition finally necessitated hospital treatment.
Physical examination showed the presence of dyspnea, cyanosis, and clubbing of the fingers. Examination of the lungs revealed dullness on both sides with diminished fremitus and breath sounds.
Roentgen examination of the chest showed marked, confluent, hazy mottling with nodular densities uniformly distributed. The right ventricle was hypertrophied (cor pulmonale).
The diagnosis was chronic pulmonary fibrosis and emphysema. The case terminated fatally nine months after admission to the hospital.
Case III. Aged forty-nine. The claimant had worked as a talc miner for 15 years with 8 months' exposure in other mines 10 years previous to his talc exposure. His illness began five years before death with shortness of breath and a productive cough. He quit work two years after the onset of symptoms because of increasing weakness, and was admitted to a sanatorium.
Physical examination showed an emaciated individual who looked chronically ill. The vital capacity was 1,800 (normal estimated as 3,000). The lungs showed dullness over the middle thirds, rales above second rib anteriorly and posteriorly throughout. Five specimens of sputum were negative for the tubercle bacillus. The temperature was normal.
Roentgen examination showed extensive, bilateral fibrosis with infection, probably tuberculous, and this was the diagnosis.
Case IV. Aged thirty-seven. For 21 years the daimant had worked in talc mines as mucker, driller, and foreman. For two years before quitting work he had noticed cough, shortness of breath, and pain in chest. He was easily fatigued. These symptoms caused him to enter a hospital for treatment.
Physical examination revealed no lung abnormalities, but showed cardiac hypertrophy, hypertension, and evidence of nephrosis.
Roentgen examination of the chest showed fine nodulation through both lung fields below the fifth posterior rib, more marked in the central lung field, an increase in hilum shadows, and cardiac hypertrophy.
The clinical diagnosis was early silicosis with probable infection, hypertensive disease, and severe nephrosis.
The case terminated fatally. Case V. Aged fifty-two. The claimant had worked in talc mines for 17 years with a previous exposure of 10 years in zinc and iron mines. Illness began six years before death with cough and dyspnea. Following the initial symptoms he developed pain in chest and hemoptysis, and sought hospital treatment.
Physical examination showed an emaciated individual, appearing chronically ill. The fingers were slightly clubbed. The chest expansion was limited. Examination of the lungs showed dullness on the right below the seventh spine with rgles and diminished breath sounds. The sputum was positive.
Roentgen examination showed a fine miliary type of increased density on the left, a mass of increased density in the right middle lung field with evidence of excavation, and heavy fibrosis at the right base.
The clinical diagnosis was probable silicosis, complicated by tuberculosis. Death occurred 21 months after admission to the hospital.
A study of talc miners and millers in St. Lawrence County, New York
Scope of study. In the course of this investigation studies of operations and dust concentrations were made by engineers of the Division of Industrial Hygiene in three talc mines and five talc mills. From seven plants 221 men received an initial roentgen examination. In the case of 28 of these individuals, who showed positive lung findings, at the end of ten months a follow-up examination was made, which included a second roentgenogram, a medical history, and physical examination of the chest, and a detailed occupational history.
The On physical examination, all 18 showed limited chest expansion. Thirteen showed abnormal lung signs and 13 showed curving of the nails or clubbed fingers. In one case cardiac hypertrophy was observed, and in one there was auricular fibrillation.
The general appearance of the group struck the examiners as being distinctly different from the appearance of the usual group of first and second stage silicotics who are still able to work. The latter usually present a 'robust appearance. A substantial number of individuals in such a group are likely to be overweight. This was not the case with the talc workers who showed fibrosis. None of them was overweight, but on the contrary they tended to present an undernourished and drawn appearance. It was the impression of the examiners, also, that dyspnea was unusually pronounced in relation to the extent of the fibrosis seen in the roentgenograms.
Roentgenographic characteristics. The type of fibrosis seen in these roentgenograms is very fine and diffuse, showing in many cases an appearance of soft haziness to which the term "ground glass," used in describing certain cases of asbestosis, can very well be applied. In a number of cases there is, in addition, a distinctly granular appearance, and in some a nodulation which might be confused with silicosis. In certain films soft conglomerations also occur.
The fibrosis in these cases tends to be somewhat more marked on the right side, and in the mid-lung fields and bases. The hilar nodes show a slight or moderate increase in density. Evidence of obliterative pleuritis and emphysema occurs in some cases. In a few instances a blurring or "shagginess" of the cardiac outline is noticeable.
Tuberculosis. In the total group of 221 talc workers there were 29 cases (13.1 per cent) of primary healed tuberculosis; 6 (2.7 per cent) of healed re-infection type tuberculosis; and 5 (2.2 per cent) which were considered, on the basis of the roentgen appearances alone, to show clinically significant tuberculosis.
The incidence of healed primary and re-infection type lesions is not remarkable in any way, being similar to that found, in general, in other industrial groups. The incidence of clinically significant tuberculosis (2.2 per cent) is slightly higher than is found in most industrial groups, the average rate found for this condition being about 1.2 per cent. Among the 5 individuals with clinically significant tuberculosis, 3 between the ages of 30 and 50, showed minimal lesions; one, 45 years of age, showed moderately advanced lesions and one, 64 years of age, showed what was interpreted to be far advanced atypical tuberculosis. Among the 18 cases of fibrosis in men exposed only to talc, clinically significant tuberculosis appeared to be a complicating feature in 3 cases ( 16.6 per cent).
Talc plaques. A most interesting finding in this group of talc workers-interesting because, to these investigators, it was new-was the presence of 14 instances (6.3 per cent of the 221 talc workers originally roentgenographed) of what appeared to be deposits of opaque material on various pleural surfaces. These deposits, or plaques, are seen on the visceral pleura, including the region of the diaphragm, and occasionally the pericardium. Lateral and oblique views indicate that their location is definitely at the periphery of the lung, not involving the parenchyma.
In size the plaques vary from a single, linear-appearing deposit of a few centimeters in length in the region of the diaphragm to massive deposits bizarre in shape, extending over a large part of the lung fields. They are characterized not only by irregularity of shape, but by marked irregularities in degree of density also, and by the sharpness of their borders. In this series of films the development of these plaques can be traced from small, light, scarcely noticeable deposits to the extensive opacities described.
It should be noted that roentgen appearances similar to the plaques herein described were apparently seen in Case 1 where mention is made of areas of increased density resembling lipiodol or calcific deposits in mid-lung fields. Similar appearances have also been noted in another group of workers who were exposed to talc dust in the making of material for electrical insulation.
So far as can be ascertained, these deposits bear no relation to any history of previous infection, since they occur both with and without such a history. Nor are they necessarily associated with other pulmonary pathology. The underlying lung tissue may or may not show fibrosis. There is no associated enlargement of the hilar nodes in cases showing plaques without fibrosis.
An analysis of the group of 14 talc workers who showed these deposits revealed the following facts: Their ages ranged from 35 to 77 years and their exposure in the talc industry from 4 to 52 years. Ten were mill workers; 4 were miners. Only one individual gave a history of having had pleurisy. None had had empyema. In 5 instances no lung pathology other than the plaques was noted. A marked degree of fibrosis co-existed in 7 cases. Evidence of clinically significant tuberculosis was seen in one case and of primary healed tuberculosis in another case.
No symptoms or physical signs attributable to these deposits could be identified, since in the group studied symptoms and signs only occurred in those individuals in whom there was other lung pathology. Apparently the plaques themselves and the process responsible for producing them are symptomless.
Discussion
Fibrosis. The type of fibrosis found in this study was characterized, as already described, by a soft haziness and a finely granular or nodular appearance tending to be more marked in the mid-lung fields and bases. Dreessen3 apparently found a condition somewhat similar to this in his study of tremolite talc workers in the same geographical area. However, the fibrosis here reported was more severe than that found by Dreessen, as indicated by the conspicuous presence of clinical symptoms, such as dyspnea, pain, and fatigue in these cases and also by the more frequent appearance of granulation and fine nodulation. It more closely resembled in severity the fibrosis later reported by Dreessen and DallaValle4 among Georgia talc millers and miners. Here the talc was also of the tremolite variety. Analyses also failed to show the presence of free silica. These authors reported 8 cases with symptoms of dyspnea, cough and pain, abnormal chest signs, clubbed fingers, and a nodular or "nodular conglomerate" type of fibrosis.
The occurrence of a type of fibrosis giving a nodular roentgen appearance as a result of exposure to tremolite talc dust is a matter of considerable interest, since nodular fibrosis is traditionally associated only with dust containing free silica. Gardner8 attributed fibrosis in tremolite talc workers to the contaminating presence of free silica, but inasmuch as the free silica content of the twelve samples of mineral from talc mills and mines analyzed in the present study was found to be practically negligible (less than 1 per cent) it seems reasonable to suppose that the fibrosis observed in these cases is primarily the result of the inhalation of the various silicate minerals present in the dust, namely, talc, tremolite, and anthophyllite.
Microscopic study has shown that this dust is largely fibrous in character, and it may well be that this particular physical characteristic is responsible for the pathology of tremolite talc fibrosis. The possibility of action analogous to that which occurs in asbestosis is suggested by several facts: first, the chemical and physical similarity between the minerals in this area and those found in asbestos; second, the fact that the disability in tremolite talc fibrosis, like that in asbestosis, tends to be greater than one would expect from the severity of the lesion as seen on roentgenological examination.
Because of these similarities, we have taken the opportunity to compare this series of films of tremolite talc workers with those of a group of workers showing early asbestosis.* They were impressed by the resemblances in the roentgen appearances in the two groups. The talc fibrosis resembled early asbestosis in its fineness and diffuseness, its hazy "ground glass" quality and, in addition, some in the series of asbestosis films showed a mottled or nodular appearance similar to that seen in the more advanced cases of talc fibrosis.t Whatever the exact pathology may ultimately prove to be, the study here reported clearly indicates, from a practical standpoint, that the dust encountered in the tremolite talc industry is of a definitely injurious, fibrosis-producing type which requires control in order to prevent disabling occupational disease. Moreover, although the number of cases here presented is small, suggestive evidence has been found that exposure to tremolite talc dust is associated with increased susceptibility to tuberculosis.
Talc plaques. In regard to "talc plaques," one possibility to consider is that they represent simply aggregations of actual talc dust which has remained in the periphery of the lung unable to be disposed of in any manner. This supposition makes it difficult, however, to account for the presence of these deposits in a few cases only, rather than in the majority of those exposed.
Since "talc plaques" closely resemble, in appearance, pleural calcifications resulting from traumatic pleuritis or empyema, the thought immediately suggests itself that they are, in fact, deposits of calcium. The dust of tremolite talc contains calcium-tremolite being a calcium magnesium silicate-but so also do other dusts such as cement and marble. Why does tremolite talc dust alone produce the opaque deposits described?
Calcific deposits ordinarily presuppose previous irritation or injury. This fact suggests that tremolite talc dust, therefore, has some unique ability to irritate or injure pleural surfaces, such injury being followed by the deposition of readily available calcium. It is known, for example, that the resolution of intrapleural hemorrhage is frequently followed by calcium deposition, and one is tempted to speculate as to whether the needle-like particles present in this dust may, by tissue penetration, cause multiple, minute, capillary hemorrhages whose resolution results in the appearances described.
The location of the deposits, as seen in lateral, oblique, and stereoscopic views, appears actually to be just beneath the pleural surface. This suggests that they may lie in the peripheral lymphatic network and opens up another speculative possibility. In this connection an illustrated article by Lommel'4 in the Deutsche medizinische Wochenschrift is of great interest. Discussing the familiar "egg-shell" appearance occasionally seen in hilar nodes, he reports, in certain cases of silicosis, large calcific deposits in the peripheral parts of the lung which, to judge by the illustrations, closely resemble "talc plaques." His suggested explanation is that calcium (lime) is laid down in inflamed fibrous tissue in the congested lymph spaces which form a network around the lobules of the lung.
The sharply demarcated, yet irregular, borders of the "talc plaques" do in fact suggest that the deposit of opaque material is definitely limited by the outlines of some irregularly shaped structure such as the walls of lymphatic spaces. It is of interest in this connection that Gardner and Cummings,9 working with asbestos, report well-marked hyperplasia and dilatation of lymphoid tissue in the periphery of the lung in guinea-pigs which they believe may be the result of pulmonary irritation. One may speculate as to whether tremolite talc may not produce a similar condition which is then followed by the deposition of calcium already present in the dust.
Another interesting feature of the cases showing talc plaques is that radiopaque material in these cases is not, apparently, deposited in the hilar nodes. This suggests that talc dust does not find its way to them in large amounts. If this be true, it would indicate a similarity in this respect to asbestos which, as Gardner and Cummings have shown, tends to be held in the periphery of the lungs.
Whatever the similarity in effect between asbestos and talc dust, however, one conspicuous dissimilarity is the absence of any change resembling "talc plaques" in the lungs of asbestos workers. In fact, as far as we are aware, with the single exception of the German reference14 given above, such deposits have not heretofore been described in connection with any dust. Summary 1. A study of the tremolite talc mining and milling industry in northern New York State is reported.
2. Talc in this region is of the asbestine variety, mingled with tremolite and anthophyllite. Analyses of material from both mines and mills gave consistently a free silica content of 1 per cent or less. Microscopic studies of dust showed the presence of fine, straight, needlelike fibers.
3. Dust counts in mining ranged from 6 to 5,000 million particles per cubic foot; in milling from 20 to 215 million particles per cubic foot.
4. In a group of 221 tremolite talc miners and millers, advanced fibrosis was found in 32 men, giving an incidence of 14.5 per cent.
5. All of the cases of fibrosis occurred among those men who had worked in tremolite talc for ten years or longer (107 men), giving an incidence for this group of 29.9 per cent.
6. The fibrosis found in this study was of a fine, diffuse type with a roentgenographic appearance of granulation or nodulation on a hazy background. It tended to be disabling in character and was frequently accompanied by dyspnea, cough, and fatigue.
7. There was also some evidence that this fibrosis was characterized by an increased susceptibility to tuberculosis. Clinically significant tuberculosis was diagnosed by roentgen examination in 3 of 18 cases of tremolite talc fibrosis where there had been no other dust exposure. 8 . In addition to fibrosis, deposits of unidentified opaque material in the periphery of the lungs, including the region of the diaphragm and pericardium, designated as "talc plaques," were observed in 6.3 per cent of all tremolite talc workers examined. These deposits occurred independently of other lung pathology and could not be identified with any particular signs or symptoms. Conclusions
This study identified tremolite talc as a silicate dust capable, like asbestos, of causing a disabling pneumoconiosis. It reveals distinctive pathological findings associated with exposure to tremolite talc dust which postulate a special etiology for the resulting disease. There is also evidence that tremolite talc fibrosis is associated with an increased susceptibility to tuberculosis.
In the light of these findings, exposure to tremolite talc dust must be considered to constitute a definite industrial hazard requiring control of dust by suitable engineering methods.
